A concise and efficient method for the synthesis of novel 9,10-dimethoxybenzo [6, 7] oxepino[3,4-b]quinolin13(6H)-one and its derivatives 7a-p has been developed via the intramolecular Friedel-Crafts acylation reactions of 6,7-dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic acids 6a-p with polyphosphoric acid (PPA) as catalyst and solvent under mild conditions. The key intermediates 6a-p were prepared through the in situ formation of ethyl 6,7-dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylates 5a-p followed by hydrolysis with aqueous ethanolic sodium hydroxide solution. The novel synthetic method has the advantages of good yields, easy work-up, and environmentally friendly character, which may provide a novel highly efficient process for making quinoline and related azaheterocycle libraries.
Introduction
Quinoline-fused ring systems are a back-bone of many natural products and pharmacologically significant compounds and display a broad range of biological activities [1] [2] [3] , including antiasthmatic [4] [5] [6] , antibacterial [7, 8] , anti-inflammatory [9] and antihypertensive [10, 11] properties. In addition to the medicinal applications, quinolines have been employed in the study of bioorganic and bioorganometallic processes [12] . In addition, quinoline derivatives have been widely utilized as ligands for preparing metal complexes [13] [14] [15] and as useful materials for organic synthesis [16] [17] [18] [19] . As a result, the synthesis of novel quinoline-fused compounds remains as an attractive topic in area of organic synthesis. For example, Liu and Gao recently reported the synthesis of quinolinefused tetracyclic benzoxepinoquinolinones, which showed excellent anti-inflammatory activities [20, 21] . In literature, there were a wide variety of methods available for the construction of fused ring compounds, including Friedländer condensation reactions [22] , radical cyclization reactions [23] , and intramolecular Friedel-Crafts acylation reactions [21, 24] , conventionally, intramolecular Friedel-Crafts acylation reaction could be achieved by treating aryl acids with a variety of Lewis acid including HF (liquid), H 2 SO 4 , TiCl 4 , AlCl 3 , and AlCl 3 / NaCl [25] . Polyphosphoric acid (PPA) was also used as catalyst and solvent for the intramolecular Friedel-Crafts acylation reaction which was once used in the synthesis of quinoline-fused tetracyclic benzoxepinoquinolinones [26] . However, there were several shortcomings in terms of operational simplicity, cost of the reagent, harsh reaction conditions, and relatively low yield. Therefore, a convenient and efficient procedure is highly demanded. In this paper, we reported an efficient and environment friendly method for the synthesis of new quinoline derivatives 5a-p, 6a-p and tetraheterocyclic compounds 7a-p with good to excellent yields.
Results and Discussion
The starting material 2-amino-4,5-dimethoxybenzaldehyde 1 was obtained by reduction of 4,5-dimethoxy-2-itrobenzaldehyde according to our previous procedure [6] . Our approach to the synthesis of 2 were based on the Friedländer condensation strategy. The condensation reaction of the 2-amino-4,5-dimethoxybenzaldehyde 1 with ethyl acetoacetate in absolutely anhydrous ethanol, and in the presence of catalytic amount of sodium ethoxide, yielded the expected ethyl 6,7-dimethoxy-2-ethylquinoline-3-carboxylate 2 in high yields (86%). At the beginning, NaOH was used as a catalyst for the Friedländer reactions. However, it was found that the yield of the target compound was low. In seeking for a better catalyst, we found sodium ethoxide was better than sodium hydroxide for the Friedländer reactions. When it was used at low molar ratio (10 mol %) for the Friedländer reactions. Compound 3 was synthesized by Wohleigler bromination of compounds 2 using N-bromosuccinamide (NBS) in the presence of dibenzyl peroxide (BPO, 6 mol %) (Scheme 1). N-Bromosuccinamide (NBS) has been known for long time as a superior brominating agent to bromine in term of convenience of the handling. However, the preparation of monobrominated compounds from unsubstituted ethyl 6,7-dimethoxy-2-ethylquinoline-3-carboxylate 2 was found to be quite difficult as the bromo compounds were prone to underling disproportionation to dibrominated products. In the present case, the reaction of 2 with NBS using BPO as chain initiation in CCl 4 as the aprotic solvent afforded the corresponding monobromo product 3 in an yield of 68% and in short reaction time (0.5 -1.0 h) at reflux. Only trace of dibrominated product could be found in the reaction as the by-products.
The ethyl 6,7-dimethoxy-2-(phenoxymethyl)quinolinecarboxylates 5a-p were prepared by the Willamson reaction of ethyl 2-bromomethyl-6,7-dimethoxyquinoline-3-carboxylate 3 with different substituted group phenols 4. The reaction was performed in DMF with an excess of K 2 CO 3 as catalyst. After stirring at 40˚C for about 30 min, water was added and solid materials were gradually precipitated from solution, which were collected by suction filtration and washed by cold water. The crude products were dissolved in minimum amount of dichloromethane, and purified by flash chromatography to afford pure products 5a-p in high yields (up to 98%). It was also worth pointing out that electron-withdrawing groups on the phenyl ring of phenols were found to have favorable impacts on the reaction in terms of reaction time and product yields ( Table 1) . Compound 6,7-dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic acids 6a-p were prepared via in situ formation of compounds 5a-p followed by hydrolysis with aqueous ethanolic sodium hydroxide solution. The hydrolysis reaction was monitored by thin layer chromatography. After the reaction was confirmed to be completed, 1 M HCl was added slowly and the solid materials were gradually precipitated from the solution, which were collected by suction filtration and washed with cold water. The crude product was further purified by recrystallization from 95% ethanol, which afforded pure product 6a-p in very high yield (up to 96%) ( Table 2) .
PPA has been widely used for effecting intramolecular cyclizations under mild conditions. In connection with our studies, we envisioned that this reagent would be potentially useful to prepare compounds 7 through the intramolecular cyclization of 6,7-dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic acids 6a-p. It was found that 6a after simply dissolving in PPA and heating to only 110˚C afforded 7a in 54% yield within 45 min. PPA was quenched by pouring the reaction mixture slowly with stirring into saturated sodium carbonate icewater solution. The expected product was precipitated in the solution and was collected by suction filtration. Encouraged by the successful synthesis of compound 7a, we used this protocol for the intramolecular cyclization of other substrates 6b-p. It was found that the method worked well, and all the 6,7-dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic acids 6a-p were smoothly converted to the corresponding cyclic products with moderate yields (Table 3) . A plausible intramolecular Friedel-Crafts acylation mechanism was proposed as outlined in Scheme 2. The substrate 6 was treated with polyphosphoric acid to form the phosphorate-carboxylate anhydride A, which further underwent the intramolecular Friedel-Crafts acylation to afford cyclic ketone 7 (Scheme 2).
Experimental Section

Synthesis of Ethyl 6,7-dimethoxy-2-methylquinoline-3-carboxylate 2
To a solution of 2-amino-4,5-dimethoxybenzaldehyde 1 (181 mg, 1 mmol) and ethyl acetoacetate (0.2 mL) in anhydrous ethanol (5 mL) was added sodium ethoxide (6.8 mg, 0.10 mmol). The solution was stirred at reflux for 0.5 h. The mixture was cooled down to room temperature. The solvent was removed by an half of its volume under vacuum. 5 mL water was added slowly and a solid was gradually precipitated from solution and was filtered, the crude product was recrystallized from 95% ethanol and obtained a white solid 2 (236 mg, 86%), mp 110˚C -112˚C. Spectral data is identical to that reported in the literature [27] .
Synthesis of Ethyl 2-(bromomethyl)-6,7-dimethoxyquinoline-3-carboxylate 3
N-Bromosuccinamide (NBS, 1.3 mmol, 231 mg) and benzoyl peroxide (BPO, 0.03 mmol, 7.3 mg) was added to a solution of ethyl 6,7-dimethoxy-2-methylquinoline-3-carboxylate 2 (275 mg, 1 mmol) in CCl 4 (10 mL ). The yellow reaction mixture was heated to reflux. The reaction was completed as judged by thin layer chromatography. The mixture was cooled to room temperature and then filtered to remove insoluble materials. The filtrate was washed with cold saturated aqueous NaHCO 3 and then H 2 O. The combined organic layer dried over anhy- drous Na 2 SO 4 and then filtrated. After removing the solvent under reduced pressure, the residue was purified by column chromatography to get 3 (68%) as a white solid, mp 158˚C -160˚C. 
General Procedure (I) for the Synthesis of
6,7-Dimethoxy-2-(phenoxymethyl) quinoline-3-carboxylates 5a-p K 2 CO 3 (2.8 mmol) was added to a solution of phenols (1.5 mmol) in anhydrous DMF (9 mL), and the mixture was stirred at room temperature for 20 min. Then ethyl 2-bromomethyl-6,7-dimethoxyquinoline-3-carboxylate 3 (0.5 mmol) was added and the mixture was slowly heated to 40˚C. The reaction was completed as judged by thin layer chromatography. Some water was added and a solid gradually precipitated from solution and was filtered and washed with water. The crude products were purified by column chromatography to get pure products 5a-p.
General Procedure (II)
for the Synthesis of 6,7-Dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic Acids 6a-p 6,7-Dimethoxy-2-(phenoxymethyl)quinoline-3-carboxyla tes 5a-p (0.35 mmol) was added to a solution of sodium hydroxide (14 mmol) in 60% ethanol (8 mL) and the mixture was heated to reflux. The reaction was completed as judged by thin layer chromatography. The solution was cooled to room temperature and was reduced by half of its volume. 1 M HCl was added slowly and a solid gradually precipitated from solution and was filtered, washed with cold water. The crude products were recrystallized from 95% ethanol to get pure product 6a-p. 6,7-Dimethoxy-2-(phenoxymethyl)quinoline-3-carboxylic acids 6a-p (0.25 mmol) and polyphosphoric acids (PPA) (5 g) were added to round flask (15 mL) and stirred at 110˚C -140˚C for about 1 h. Then the reaction mixture was poured slowly with stirring into an icy saturated sodium carbonate solution. The mixture was extracted with ethyl acetate (3 × 10 mL). The combined organic layer was washed with saturated aqueous NaHCO 3 (2 × 10 mL) and then H 2 O (2 × 10 mL), the combined organic layer dried over anhydrous CaCl 2 . After removing the solvent under reduced pressure, the residue was purified by column chromatography to get products 7a-p.
Conclusion
We described a very efficient and environmentally friendly method for the synthesis of novel 9,10-dimethoxybenzo [6, 7] oxepino [3,4-b] quinolin-13(6H)-ones 7a-p through the intramolecular Friedel-Crafts acylation, the hydrolysis, the Willamson reaction, the Wohl-Zeigler bromination and Friedländer condensation. The experimental procedure was very simple. The advantages of these methods included high yield, low cost, and easy purification. The novel method may be potentially useful for the construction of large quinoline and related azaheterocycle libraries. The inhibition of acetylcholinesterase (AChE) of these new quinoline derivatives are currently under evaluation.
Acknowledgements
We are grateful to the National Natural Science 
